P recast concrete wall systems have proved to be an excellent option for designing earthquake-resistant buildings. These systems benefit from the quality and cost-efficiency of prefabrication. The concept of a precast, unbonded, posttensioned concrete wall system has been investigated with consideration to its potential benefits for seismic applications compared with an emulative precast concrete wall. [1] [2] [3] In this jointed wall system, individual precast concrete walls are secured to the foundation using unbonded prestressing tendons from the top of the wall to the foundation. Shear connectors distributed vertically along the height connect two or more walls horizontally (Fig. 1) . The use of unbonded posttensioning allows the walls to rock individually at the base and also minimizes the residual displacements of the wall system by providing a restoring force when subjected to lateral loading. 1, 3 In addition, the prestress contributes to the overturning moment resistance and transfer of shear at the wall bases via friction. The connectors placed between the walls provide the primary hysteretic energy dissipation for the wall system. Design base shear of jointed precast concrete wall systems may be established by two different methods. The first approach is the traditional force-based design method as recommended in design codes such as the Uniform Building Code (UBC) 4 and the International Building Code (IBC).
5
■ This paper presents an investigation of seismic performance of precast, posttensioned concrete jointed wall systems designed for five-, seven-, and ten-story buildings using the direct displacement approach.
■ Each building was subjected to earthquake motions of different intensities. All three performed satisfactorily in terms of the maximum transient interstory drift and residual interstory drift for all seismic events.
■ In some cases, the maximum floor accelerations of the sevenand ten-story buildings exceeded acceptable limits. The lowrise building achieved transient interstory drifts closer to the acceptable limits than the taller buildings.
■ An opposite trend was observed regarding floor acceleration. In taller jointed wall systems, the average interstory drift was less sensitive to the increase in maximum interstory drift than that in a low-rise, jointed wall system.
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concrete jointed wall system. 7 Although both jointed wall systems exhibited acceptable seismic performance, this study was motivated to exploit the economic benefit of direct displacement-based design for the design of jointed precast concrete wall systems because the design base shear derived for the wall system using direct displacement-based design was 50% less than that obtained using the force-based design method.
The objective of the study presented herein is to evaluate the seismic performance of jointed precast posttensioned concrete wall systems designed for low-to midrise buildings using direct displacement-based design. The height of a building is limited to ten stories for practical construction constraints as well as to remain in accordance with current precast concrete industry practice. Consequently, the focus of the study was on five-, seven-, and ten-story jointed wall systems and their performance evaluation under multiplelevel earthquakes in terms of the maximum transient interstory drift, floor acceleration, and residual interstory drift.
Unbonded posttensioning precast concrete wall systems in five-, seven-, and ten-story buildings Figure 2 shows the plan view of the three prototype precast concrete buildings. A 60% scale model of the fivestory building was designed, built, and tested in the Precast Seismic Structural Systems (PRESSS) program to verify the conceptual viability of using unbonded posttensioning In this approach, the design base shear is obtained from the estimated fundamental period of the structure in the elastic region and the total seismic mass while incorporating the influence of seismic intensity in terms of a design spectral acceleration. The target lateral displacement of the building is not used in quantifying the design base shear.
The second approach is the direct displacement-based design method, which uses a target displacement selected to ensure the expected performance of the building when establishing the design base shear. In this approach, the base shear is determined using an effective period for the fundamental mode and seismic intensity in terms of a design spectral displacement representing design earthquakes. 6 The effective period is used to determine the effective stiffness of the building. By representing the expected hysteretic energy dissipation with equivalent viscous damping, the effective period is established using an effective mass for the fundamental mode of the building, which is determined based on an assumed displacement profile for this mode. Finally, the design base shear is calculated by multiplying the equivalent target displacement and effective stiffness. A detailed presentation of the direct displacement-based design method proposed specifically for prestressed structural systems may be found in Priestley. 6 Using the acceptance criteria defined in terms of interstory drift, residual drift, and floor acceleration, a multiple-level, performance-based seismic evaluation was conducted on a force-based design and direct displacement-based design solution for a five-story precast unbonded posttensioned Precast concrete wall Foundation 1594 kip), respectively. In contrast, the direct displacement-based design method resulted in a significantly lower design base shear, that is, 2409 and 4565 kN (542 and 1026 kip) for the five-and ten-story buildings, respectively. It appears that the design base shear force was reduced by 50% and 36% for the five-and ten-story buildings, respectively, by choosing the direct displacement-based design method over force-based design. Such a substantial reduction in base shear force will result more economical structures.
Dynamic analysis models
In an earlier study, 7 a two-dimensional (2-D) analysis model for a jointed precast concrete wall system was developed for the wall system of the PRESSS test building using a nonlinear finite element computer program. The adequacy of the model was validated using the PRESSS test data. A similar procedure was followed to establish the analysis models of the five-, seven-, and ten-story jointed wall systems. precast concrete wall systems under multiple-level shortduration seismic input motions. 1, 8, 9 Thus, the chosen plan ensured the constructibility of these precast concrete buildings.
As identified in Fig. 2 , four jointed wall systems are used to resist lateral seismic forces in the transverse direction of each building. Each wall system comprises two precast concrete walls that are secured to the foundation using unbonded posttensioning bars located at the centroidal axis. The walls are connected horizontally by U-shaped stainless steel flexural plates, which are known as U-shaped flexural plate (UFP) connectors. Expected structural responses and construction details of UFP connectors may be found elsewhere. 2 The jointed wall systems for five-, seven-, and ten-story buildings were designed using the design methodology presented in Aaleti 10 for a target interstory design drift of 2% to satisfy the specifications of ITG 5.1-07, 11 the Structural Engineers Association of California (SEAOC) Seismology Committee, 12 and the SEAOC PerformanceBased Seismic Engineering Ad Hoc Subcommittee. 13 Design base shear forces for the three buildings were calculated using the direct displacement-based design method for a high seismic zone as defined by the SEAOC Performance-Based Seismic Engineering Ad Hoc Subcommittee, assuming dense soil or rock with shear wave velocity in the range of 366 to 762 m/sec (1200 to 2500 ft/sec) identified as site class C in IBC.
5 Table 1 shows design base shear force calculated by the force-based design and direct displacement-based design methods. Design base shear forces calculated by forcebased design for one jointed wall system in five-and ten-story buildings were 4819 and 7089 kN (1083 and Plan view of the five, seven and ten-story prototype buildings Figure 3 illustrates the analytical model of the jointed wall system for the ten-story building, where each wall system comprises two unbonded posttensioned precast concrete walls. These walls were represented in the model using elastic beam-column elements positioned at the wall centerlines. The moment-rotation behavior of each unbonded posttensioned wall was represented by a nonlinear elastic rotational spring at the base of the beam-column element. Although there were 53 UFP connectors positioned between the two unbonded walls, their combined effect was concentrated at the floor level using 10 identical nonlinear inelastic shear springs along the height of the walls. These springs were connected to rigid beam-column elements extending from the centerline of each wall toward the centerline of the jointed wall system (Fig. 3) . Figure 4 illustrates an idealized nonlinear elastic moment-rotation and nonlinear inelastic force-displacement hysteric behavior of rotational and axial springs representing rotational and displacement resistance capacities of posttensioned walls and UFP shear connectors, respectively. One beam-column element per floor was added to the right side of the jointed wall system model to account for the effect of the gravity columns (Fig. 3 ). Seismic mass of the building was lumped at all 10 floor levels and assigned to the nodes of the elements modeling the gravity columns. Analytical models for the five-and seven-story jointed wall system buildings were developed using a similar procedure.
Properties of the various elements used in the analytical model were derived based on their material properties and geometric dimensions ( Table 2) . Because each wall in the jointed system was expected to undergo negligible damage with inelastic actions concentrated at the wall base, the walls in the analytical model were represented by elastic beam-column elements with their stiffness based on their gross section properties. Each wall element was connected to the foundation using an elastic bilinear rotational spring to model the flexural resistance of the wall at the base and the corresponding concentrated crack opening at this loca- Figure 3 . Analytical model of wall system in ten-story building.
Analytical model of the wall system in the ten-story building tion. Moment-rotation behavior of the rotational springs was found by analyzing the individual response of the walls under monotonic loading using the procedure recommended in Aaleti 10 ( Table 2 ). This procedure is identical to that used for an earlier model and validated using experimental data in Rahman and Sritharan. 
Performance-based seismic evaluation
Seismic performance of the five-, seven-, and ten-story jointed wall system buildings designed using the direct displacement-based design method was evaluated using four earthquake intensities, namely EQ-I, EQ-II, EQ III, and EQ-IV (Fig. 5) . These intensities representing different earthquake hazards were proposed by SEAOC's Performance-Based Seismic Engineering Ad Hoc Subcommittee. 13 EQ-I corresponds to operational performance ground motions, EQ-II corresponds to occupiable performance ground motions, EQ-III represents design-level earthquake ground motions, and EQ-IV, which is equivalent to 1.5 times EQ-III, corresponds to the maximum considered earthquake. According to the performance-based seismic design concept presented by the SEAOC Seismology Committee, 12 ordinary buildings with conventional structural systems may be expected to produce operational, occupiable, life safety, and near collapse performances for both structural and nonstructural components when subjected to ground motions compatible with EQ-I, EQ-II, EQ-III, and EQ-IV, respectively. The precast concrete jointed wall systems were expected to meet or exceed the same performance.
The acceptable performance of the jointed wall systems was determined by comparing the maximum values of the transient interstory drift, residual interstory drift, and floor acceleration against the permissible values. The permissible values for the transient interstory drifts and residual interstory drifts were defined in accordance with the recommendations made by the SEAOC Seismology Committee 12 and ITG 5.1-07, 11 whereas the acceptable floor accelerations were defined using an IBC 5 recommendation for the design of nonstructural components. Details of the earthquake input ground motions and the permissible values of the parameters defining the building performance are presented here.
Input ground motions
The five-, seven-, and ten-story jointed wall system buildings were evaluated using two sets of earthquake input motions. The first set consisted of eight long-duration scaled input motions recorded in past earthquakes, while the second set consisted of four combinations of shortduration spectrum-compatible earthquake motions. The motivation for using the second set of input motions was that it followed the procedure adopted for the pseudodynamic testing of the PRESSS building 14 and also provided an opportunity to examine the validity of short-duration input motions used in performance-based seismic testing of structural systems. Table 3 provides details of eight scaled long-duration input motions used for evaluating the performance of the jointed wall systems. The original data of these input motions were recorded at free field stations of soil profile type S C as defined in UBC. 4 All original recorded motions were scaled, as detailed in Table 3 , such that their spectra would be comparable to the target spectra following the procedure presented in Rahman and Sritharan.
14 More detailed information about these ground motions, along with the depiction of the acceleration response spectra for all modified long-duration ground motions, may be found in Rahman and Sritharan.
14 Table 4 lists different combinations of short-duration ground motions used in the seismic evaluation of the jointed wall systems. This evaluation was performed using each combination of records as one sequence with zero acceleration for 25 seconds between records. This procedure enabled the free vibration response of the jointed wall systems to be examined after subjecting them to each earthquake segment. The original motions used to create the short-duration, spectrum-compatible ground motions of 1.5EQ-I, EQ-II, EQ-III, EQ-IVa, and EQ-IVb were recorded at stations with soil profile type S C in the 1974 Hollister, 1971 San Fernando, 1940 Imperial Valley, 1993 Northridge, and 1978 Tabas earthquakes, respectively. More descriptions of the input records and the process used for creating the short-duration input motions may be found in other studies. 14, 15 Interstory drift limits
To evaluate the jointed wall system performance at the four earthquake intensities, the following interstory drift limits were used: maximum transient interstory drifts of 0.4% (EQ-I), 1.2% (EQ-II), 2.0% (EQ-III), and 3.0% (EQ-IV) and maximum residual interstory drifts of 0.1% (EQ-I), 0.3% (EQ-II), 0.5% (EQ-III), and 0.75% (EQ-IV). These limits were recommended by Rahman and Sritharan 7 based on the guidance given in the SEAOC Blue Book 12 and ITG 5.1-07 11 while considering the recentering nature of the jointed wall systems.
Floor acceleration limits
For the jointed wall system buildings, the permissible floor accelerations were established to limit earthquake dam- EQ-II EQ-III the wall system increases. For example, the ten-story wall system exhibits a linear increase in lateral floor displacement with increase in height for the EQ-I ground motion. However, this trend changes to a nonlinear shape, increasing the interstory drift with story height for EQ-II through EQ-IV ground motions. Although less pronounced, observations similar to those for the ten-story wall system can be seen in the outcome of the seven-story wall system. Two conclusions drawn from these figures include the following:
• The fundamental mode of response controlled the maximum floor displacements in all three buildings.
• The contribution of the flexural response of the walls in the jointed system increased with respect to the lateral displacement induced by the rotation at the base of walls as the number of stories in the wall system increased.
As the earthquake intensity increased from EQ-I to EQ-II, from EQ-II to EQ-III, and from EQ-III to EQ-IV, displacements at all floors were amplified by 186%, 200%, and age to the nonstructural elements, which may be anchored to the floors. These limits were derived in Rahman and Sritharan 14 using the recommendations made by Tong et al. 16 and the IBC 5 provision for estimating design forces required to anchor different types of nonstructural elements to building floors under seismic condition. The spectral acceleration is a controlling parameter of these floor acceleration limits that is used to define the design response acceleration spectrum 5 by corresponding to a short period. Accordingly, the permissible limits of the floor accelerations are 2.60 m/sec 2 Analysis results Figure 6 depicts the deflected shapes of the five-, seven-, and ten-story jointed wall systems for the long-duration earthquake motions that produced the maximum interstory drift at each intensity. The five-story wall system shows a linear increase in floor displacement as the floor height increases for all four values of ground motion. This trend changes to a nonlinear variation as the number of stories in Table 3 . Long-duration ground motions selected for performance-based evaluation of ten-, seven-, and five-story precast concrete jointed wall system buildings
Identification of input motion
Earthquake intensity Note: g = acceleration due to gravity; M s = surface wave magnitude; M w = moment magnitude; PGA = peak ground acceleration. Figure 6 . Deflected shapes of the buildings when achieving the maximum interstory drifts imposed by four intensities of ground motion. Note: EQ-I = operational performance-level ground motions; EQ-II = occupiable performance-level ground motions; EQ-III = design-level earthquake ground motions; EQ-IV = 1.5(EQ-III) = maximum considered earthquake. 1 mm = 0.394 in.; 1 m = 3.28 ft.
STORY BUILDING
Displacement, mm were obtained by using eight long-duration ground motions. In all cases, the relationship between the maximum interstory drift and average drift can be characterized using a linear function. Furthermore, both the average and the maximum interstory drift values are less for the ten-story wall system than that of the five-and seven-story wall systems. For a given value of the maximum interstory drift, the average interstory drift reduces with increasing height of the wall system. It also appears that in taller jointed wall systems, the average interstory drift of the building is less sensitive to an increase in the maximum interstory drift compared with that in a low-rise jointed wall system. The correlation between maximum interstory drift and average drift will be helpful for designing jointed wall systems by providing a trend to obtain the maximum interstory drift for a given average interstory drift. Figure 8 represents the maximum interstory drifts obtained for the five-, seven-, and ten-story jointed wall system buildings when subjected to long-duration ground motions. In each case, the interstory drifts were less than the acceptable limits for all four earthquake intensities. Furthermore, it was found that as building height increased, the ratio between the maximum transient drift and the acceptable limit generally decreased. These observations suggest that the design base shear established for the low-to midrise jointed wall systems buildings based on 10% in the seven-story building and by 305%, 160%, and 13% in the five-story building, respectively (Fig. 6) . Due to the aforementioned increase in earthquake intensity, the ten-story building experienced the amplification of floor displacements by 201%, 171%, and 64% (Fig. 6) . The five-and seven-story buildings experienced rates of increase that were as much as 12 to 20 times higher in floor displacement due to the increased magnitude of ground motion from EQ-II to EQ-III compared with that resulting from ground motion in the range of EQ-III to EQ-IV. In contrast, the ten-story building demonstrated a rate of increase only 2.67 times higher in floor displacement due to increased ground motion from EQ-II to EQ-III compared with that resulting from ground motion in the range of EQ-III to EQ-IV. It seems that abruptness of difference in floor displacement due to increase of ground motion in the range of EQ-II to EQ-III and EQ-III to EQ-IV attenuates in taller buildings with greater heights, such as ten stories. In addition, for a given floor in all three buildings, the taller building demonstrated a consistently lower floor displacement for all four ground motions, EQ-I through EQ-IV. Figure 7 shows correlations between average drift and the maximum interstory drift for the five-, seven-, and tenstory buildings. These correlations were established based on lateral floor displacements of the three buildings, which Figure 8 . Maximum transient interstory drift obtained for jointed wall system buildings subjected to long-duration ground motion. Note: EQ-I = operational performance-level ground motions; EQ-II = occupiable performance-level ground motions; EQ-III = design-level earthquake ground motions; EQ-IV = 1.5(EQ-III) = maximum considered earthquake.
was observed for the ten-story building with an additional violation of the acceptable limit for the IM-h ground motion representing an EQ-IV event.
Due to the design ground motions of earthquake EQ-III, the five-story building showed a maximum floor acceleration in the range of 8.50 to 9.76 m/sec 2 (28 to 32 ft/sec 2 ), whereas the ten-story building exhibited maximum floor accelerations in the range of 10.56 to 17.06 m/sec 2 (34.6 to 56.0 ft/sec 2 ). Thus, the ten-story building experienced as much as 74.80% and as little as 24.23% greater maximum floor acceleration compared with the five-story building under design ground motions. However, for EQ-I, EQ-II, and EQ-IV, the ten-story building had maximum floor accelerations of 2. ), respectively. Thus, the moderately high building exhibited 40.40%, 16 .45%, and 12.36% to 31.60% greater maximum floor acceleration compared with the low-rise building when subjected to long-duration ground motions of earthquake intensities EQ-I, EQ-II, and EQ-IV. In addition, the dependence of the building's responses on frequency contents of the input earthquake was also emphasized by the analytical results. For example, at EQ-III, the difference in responses of the ten-and five-story buildings for the maximum floor acceleration subjected by IM-c was 82.26%, whereas the corresponding difference was only 24.23% for IM-d, though both of these ground motions were chosen to represent EQ-III ground motions.
Traditionally, short-duration ground motions are used in experimental research slow-speed hybrid simulators. Therefore, the present study also investigated the performance of the jointed wall system buildings under shortduration spectrum compatible ground motions representing EQ-I to EQ-IV events. Figure 10 depicts the maximum transient interstory drift of the five-, seven-, and ten-story direct displacement-based design is adequate, and further reduction of the design base shear is possible for midrise buildings.
The differences in the maximum transient interstory drifts obtained between buildings for the same event were more pronounced with large earthquake intensities. For the design ground motions (that is, for EQ-III events), the fivestory building produced a maximum transient interstory drift in the range of 0.74% to 1.7%, whereas the ten-story building exhibited a maximum transient interstory drift in the range of 0.37% to 0.85%. These drift ratios indicate that the five-story jointed wall system building experienced about twice the maximum transient drifts that were experienced by the ten-story building. At EQ-IV events, the corresponding ranges for the maximum transient drifts were 1.85% to 2.27% and 0.62% to 0.76%, respectively, exhibiting a factor of almost three between the two building responses. However, for EQ-I and EQ-II input motions, the ten-story building experienced maximum transient interstory drifts of 0.11% and 0.34% compared with 0.12% and 0.65% for the five-story jointed wall system building. Table 5 presents the maximum residual interstory drifts achieved by all three jointed wall system buildings. The recentering capability provided by unbonded posttensioning enabled the buildings to produce insignificant amounts of residual interstory drifts after subjecting them to earthquakes of all intensities. Figure 9 depicts the maximum floor accelerations obtained for the five-, seven-, and ten-story jointed wall system buildings when subjected to long-duration ground motions. The maximum floor accelerations obtained for the five-story building were within permissible limits, ensuring the safety of the buildings' nonstructural components for all four intensities of earthquakes. For the seven-story building, the floor acceleration limits were satisfied for all ground motions except for IM-c and IM-a. A similar trend Figure 9 . Maximum floor acceleration obtained for jointed wall system buildings subjected to long-duration ground motion. Note: EQ-I = operational performancelevel ground motions; EQ-II = occupiable performance-level ground motions; EQ-III = design-level earthquake ground motions; EQ-IV = 1.5(EQ-III) = maximum considered earthquake. 1 m = 3.28 ft. Figure 10 . Maximum transient interstory drift obtained for buildings subjected to short-duration ground motion. Note: EQ-I = operational performance-level ground motions; EQ-II = occupiable performance-level ground motions; EQ-III = design-level earthquake ground motions; EQ-IV = 1.5(EQ-III) = maximum considered earthquake.
by the respective allowable limits of floor acceleration, in the three buildings. The greatest floor accelerations were recorded as 78%, 79%, 83%, and 85% of the associated acceptable limit for the five-story building when subjected to EQ-I, EQ-II, EQ-III, and EQ-IV ground motions, respectively. However, the corresponding floor accelerations were 129%, 91%, 90% to 112% and 80% to 99% for the seven-story building and 110%, 92%, 90% to 145% and 87% to 112% for the ten-story building.
Keeping the floor acceleration within the acceptable limit is essential for protection against damage to nonstructural elements in the jointed wall system building. Accordingly, the most significant violation of the maximum floor acceleration limit (observed in the ten-story building) was chosen to resolve by decreasing the moment of inertia of the walls through decreasing the walls' thickness, resulting in a more flexible structure. Figures 14 and 15 show that the maximum floor acceleration was consistently reduced due to the reduction of the walls' moment of inertia in the tenstory building subjected to ground motions IM-h and IM-c. Figure 14 shows that reducing the moment of inertia of the walls by 10% kept the maximum floor acceleration within the acceptable limit under ground motion IM-h. Similarly, for IM-c, reduction of the moment of inertia of the walls by 40% kept floor accelerations within acceptable limits (Fig. 15) . The maximum transient interstory drifts and residual interstory drifts were also within acceptable limits after the aforementioned modification of the walls.
Conclusion
Seismic performance of buildings with low-to midrise posttensioned concrete jointed wall systems designed using direct displacement-based design were analytically investigated in this paper. Using a validated analytical modeling procedure, the five-, seven-, and ten-story posttensioned concrete jointed wall system buildings with an identical plan view were subjected to long-and short-duration earthquake input motions having acceleration response spectra representative of the four earthquake intensities. Using the analysis results, the following conclusions were drawn:
• All three jointed wall systems designed for low-to midrise buildings deflected predominantly by the fundamental mode. For a given floor level, the taller building exhibited less floor displacement compared with the low-rise building. For a given maximum transient interstory drift, the taller building exhibited lower average drift.
• Irrespective of height, all three buildings demonstrated satisfactory performance in terms of the maximum transient interstory drift when subjected to both shortand long-duration ground motions representing the four earthquake intensities.
jointed wall system buildings when subjected to the four combinations of short-duration ground motions. All three buildings showed satisfactory performance in terms of the maximum transient interstory drift with a sufficient margin of safety with respect to their permissible limits. Short-duration ground motions from combination 2 were chosen to compare the transient interstory drift and floor acceleration performance of the buildings under short-and long-duration ground motions. Generally, short-duration ground motions resulted in lower maximum transient interstory drift compared with long-duration motions for all three buildings except for the EQ-I short-duration ground motion in the seven-and five-story buildings, where both short-and long-duration ground motions created identical transient interstory drift. The greatest differences between the maximum transient interstory drift due to long-and short-duration motions were 116.77%, 173.31%, and 2.62% for the ten-story building; 48.79%, 91.71%, and 135.89% for the seven-story building; and 129.80%, 48.47%, and 39.65% for the five-story building when subjected to EQ-II, EQ-III, and EQ-IV ground motions, respectively. Thus, this difference between the maximum transient interstory drift due to long-and short-duration motions was consistently increased with taller buildings for design ground motion. Figure 11 shows the maximum floor accelerations that resulted from the five-, seven-, and ten-story jointed wall system buildings under the short-duration ground motions. The floor accelerations obtained for all three buildings were satisfactory. A comparison of Figure 11 and Figure 9 shows that the long-duration ground motions resulted in greater floor accelerations than the short-duration ground motions. The largest differences in maximum floor accelerations obtained between the long-and short-duration ground motions were 43.5%, 22.4%, 274%, and 40.5% for the ten-story building; 13.4%, 40.7%, 166.3%, and 22% for the seven-story building; and 35.6%, 59.7%, 215.2%, and 27.7% for the five-story building when subjected to EQ-I, EQ-II, EQ-III, and EQ-IV ground motions, respectively. Therefore, it appears that subjecting the building to realistic long-duration motions is necessary to obtain the maximum transient interstory drifts and floor accelerations and that the use of short-duration ground motions may significantly underestimate these parameters. Figure 12 shows the maximum transient interstory drift due to the four long-duration ground motions, normalized by the respective allowable limits of interstory drift, in the five-, seven-, and ten-story buildings. The greatest transient interstory drifts were 30%, 54%, 85%, and 76% of the associated acceptable limit for the five-story building when subjected to EQ-I, EQ-II, EQ-III, and EQ-IV ground motions, respectively. The corresponding values were 34%, 34%, 59%, and 77% for the seven-story building and 27%, 29%, 43%, and 25% for the ten-story building. Figure 13 represents the maximum floor accelerations due to four intensities of long-duration ground motions, normalized Figure 11 . Maximum floor acceleration obtained for the buildings subjected to short-duration ground motion. Note: EQ-I = operational performance-level ground motions; EQ-II = occupiable performance-level ground motions; EQ-III = design-level earthquake ground motions; EQ-IV = 1.5(EQ-III) = maximum considered earthquake. Figure 12 . Maximum transient interstory drift normalized by acceptable interstory drift. Note: EQ-I = operational performance-level ground motions; EQ-II = occupiable performance-level ground motions; EQ-III = design-level earthquake ground motions; EQ-IV = 1.5(EQ-III) = maximum considered earthquake. Figure 13 . Maximum floor acceleration normalized by acceptable floor acceleration. Note: EQ-I = operational performance-level ground motions; EQ-II = occupiable performance-level ground motions; EQ-III = design-level earthquake ground motions; EQ-IV = 1.5(EQ-III) = maximum considered earthquake
• The recentering capacity of the unbonded posttensioning bars enabled the buildings to produce negligible amounts of residual interstory drift after subjecting them to both the long-and short-duration ground motion.
• The maximum transient interstory drift was reduced for taller buildings. The difference in capacity to resist interstory drift between the tallest (ten-story) and shortest (five-story) buildings increased with increasing intensity of ground motion. • For all long-duration ground motion, the five-story building showed lower maximum floor accelerations compared with the respective acceptable limits for four intensities of earthquakes. However, the seven-and ten-story buildings violated the limits in some cases. Generally, the maximum floor acceleration increased for the taller buildings.
• Short-duration ground motions generated smaller maximum transient interstory drift and floor accelerations compared with long-duration ground motions. It appears that it is necessary to use actual long-duration ground motions for analyzing full-scale buildings to avoid the possibility of underestimating transient interstory drift and floor acceleration.
• For short-duration ground motion, all three buildings performed satisfactorily in terms of allowable floor acceleration.
• The low-rise building tends to reach maximum transient interstory drifts closer to the acceptable limits compared with the taller building. The taller building has a stronger tendency to approach and exceed unity of normalized floor acceleration compared with the low-rise buildings.
• By making necessary modifications in the precast concrete wall dimension of jointed wall systems as recommended in this paper, the maximum floor acceleration of taller buildings may be brought within the acceptable limit.
• Based on the satisfactory performance of the jointed wall systems designed by the direct displacementbased method that led to lower base shear, 7,14 it appears that this method would result in a more economical design than the traditional force-based design method.
